The plasma cortisol level of patients anaesthetized for 1 hour with thiopentone and nitrous oxide was found to remain unchanged. During body surface surgery it rose slightly, and during intra-abdominal surgery it rose to more thap double the resting value. The blood sugar under the same circumstances changed in a qualitatively similar manner and the free fatty acids appeared to fall during anaesthesia without surgery, changed litde during body surface surgery, and rose during intra-abdominal surgery. Plasma insulin during both types of surgery showed no significant change.
In a previous paper (Clarke, 1970) it was shown that during intra-abdominal surgery under thiopentone, nitrous oxide, tubocurarine anaesthesia, there was a large rise in blood sugar. The extent of the hyperglycaemic response varied with the stress of surgery and there was no significant rise under anaesthesia with thiopentone, nitrous oxide in the absence of surgery.
This work is a study of other metabolic changes occurring during intra-abdominal and body surface surgery and during anaesthesia without surgery. The object was to see whether there was a constant relationship between severity of stress and metabolic changes.
Since the study began, Plumpton, Besser and Cole (1969) have published findings showing the response of plasma cortisol levels to major and minor surgery. Allison, Tomlin and Chamberlain (1969) have also studied blood sugar, insulin and free fatty acids but they were mainly concerned with the response to a glucose load. There is probably a need for an evaluation of the metabolic changes during various types of surgery since, as was shown by Clarke (1970) , anaesthesia maintained by the techniques commonly used in Great Britain has little influence on the change in blood sugar.
METHOD
The plan of the present investigation was essentially that used by Clarke (1970) and many of the results presented here were obtained in the same patients described in the earlier publication.
The same patients were not necessarily studied in all analyses because of difficulty in carrying out estimations at a particular time or the volume of blood required. Blood sugar was estimated in all patients before induction of anaesthesia and at 15-minute intervals thereafter for 1 hour. These results are presented fully in the previous paper but some additional blood sugar measurements on patients undergoing intra-abdominal operations are included in figure 1 and table I. Blood samples were taken for all other estimations before induction of anaesthesia and at 30-minute intervals thereafter for 1 hour.
Certain patients were studied under anaesthesia prior to surgery or, in some cases, while an examination under anaesthesia or cystoscopy was performed. The group of body surface operations consisted of procedures such as local mastectomy, inguinal herniorrhaphy and ligation and stripping of varicose veins. Intra-abdominal operations were restricted to those types of surgery in which blood was not required during the first hour of surgery. They comprised mainly cholecystectomy and gastro-enterostomy with or without vagotomy. In all patients having operations the skin incision took place between 10 and 15 minutes after induction of anaesthesia and when the peritoneum was opened this was between 15 and 25 minutes after induction. Premedication consisted of atropine 0.6 mg and pethidine 50-75 mg. Patients undergoing intraabdominal and body surface operations were given thiopentone 5 mg/kg, tubocurarine 30 mg and nitrous oxide-oxygen (6/2 l./min). Further doses of thiopentone 50 mg and tubocurarine 5 mg were given as required to deepen anaesthesia or improve relaxation (to a maximum total dose of thiopentone of 500 mg, and of tubocurarine of 40 mg in the first hour). During the period of anaesthesia without surgery the anaesthetic technique was similar to the above but no relaxant was given and frequent doses of thiopentone were required to maintain anaesthesia. As discussed by Clarke (1970) , ir is unlikely that the differences between the two techniques are relevant to the metabolic and hormonal findings. During surgery patients received a slow intravenous infusion of Hartmann's Ringer-lactate solution (100-300 ml) during the period of investigation.
All patients were studied between the hours of 9 a.m. and 1 p.m. and there was no systematic difference in the time of day during which different groups were investigated.
Plasma cortisol, insulin and free fatty acids were estimated in 20 patients having intra-abdominal surgery and 10 patients having body surface surgery. Cortisol and free fatty acids were also estimated in 10 patients having anaesthesia for 1 hour without surgery. Cortisol (11-OH corticosteroid) was estimated by a modification of the fluorimetric method described by Mattingly (1962) .
Plasma insulin was estimated by the immunoassay method of Hales and Randle (1963) as supplied by the Radiochemical Centre. The method is based on the competition of insulin in the sample to be assayed and of insulin iodinated with 125 I, for reaction with an antibody which is specific for insulin. The amount of radioactive insulin therefore varies inversely with the concentration of insulin in the assay sample. Normal fasting values are 15 /tU/ml, rising to 158 j after oral glucose in a glucose tolerance test.
Free fatty acids were extracted from fresh plasma into heptane and estimated photometrically by Mosinger's modification (1965) of Dole's method.
Blood sugar was estimated by the standard auto-analyzer technique which measures total reducing substance and has an accuracy of ± 5 mg per cent on random estimations. When a series of samples from one patient is estimated successively the accuracy is increased to about ±2 mg per cent
RESULTS

Cortisol.
The plasma cortisol findings during the three series are plotted in figure 1 and are given in detail in table I. During light anaesthesia for 1 hour without surgery there was no significant change in plasma cortisol. During body surface surgery under a similar type of light anaesthesia the plasma cortisol did rise significantly from a mean of 16 /ig/100 ml pre-operatively to 23 /*g/ 100 ml at 30 minutes ((=6.58; df=9; P<0.001) and to 30 jug/100 ml after 60 minutes ((=8.04; df=9; P<0.001). In the third series of operations involving opening of the peritoneal cavity, the plasma cortisol showed a significantly greater rise than in the body surface series at both 30 minutes ((=4.70; df=18; P<0.001) and at 60 minutes ((=6.60; df=18; P<0.001). The plasma cortisol rose from 14 /ig per 100 ml to 39 /zg per 100 ml after 1 hour.
Insulin.
The findings for plasma insulin during body surface and intra-abdominal surgery are shown in table I and there is clearly no significant change in the levels during 1 hour of surgery. In view of the absence of change in insulin level during surgery and the relative complexity of the method of analysis it was not measured in the patients anaesthetized without surgery. In interpreting the results it must be realized that the percentage fluctuations in plasma insulin under varying physiological stimuli are much greater than in the other parameters studied.
Free fatty acids.
The free fatty acid level in the plasma during 1 hour's anaesthesia without surgery fell slightly after 30 minutes but the change was only significant after 60 minutes ((=65.2; n=9; P<0.005). Although the decrease was small, every patient showed a fall or no change in free fatty acid content. In the group having body surface operations there was no consistent pattern of change and the mean differences shown in table I are not significant. During intra-abdominal surgery there was a variable pattern at 30 minutes and the small average increase was not significant. However, after 60 minutes every patient showed no change or a rise, the average being highly significant (( = 5.99; n=19; P<0.001).
Blood sugar.
Many of the results are included in an earlier paper (Clarke, 1970) and it need only be said that during anaesthesia without surgery for 1 hour there was no significant change in blood sugar and during body surface surgery a small but significant increase. In 50 patients having intraabdominal surgery there was again a highly significant rise after 30 minutes (average=21 mg/ 100 ml) and after 60 minutes (average=37 mg/ 100 ml).
DISCUSSION
It has been shown previously (Clarke, 1970) that there is a hyperglycaemic response to surgery, the extent of which varies with the severity of the surgery. The stimulus evoking this response appears to be any surgical trauma but particularly traction on abdominal viscera. The results of this work also suggested that, while anaesthetic adjuvants can diminish the response, no agent studied can abolish it. It therefore seems likely that the response is a reflex transmitted through the spinal cord, though with some influence from the higher centres.
Findings on the motor side of the response are still incomplete, but the suggestion that adrenaline is liberated during major surgery has not been confirmed (Clarke, unpublished work) . However, the plasma cortdsol has been found to rise during surgery and the changes with anaesthesia alone, body surface surgery and intra-abdominal surgery are broadly similar to those in blood sugar. The detailed studies of Virtue, Helmreich and Gainza (1957) , of Hammond and associates (1958) and of others are fully reviewed by Vandam and Moore (1960) . More recent work by Oyama and his colleagues (1968a, b) included also further analysis of the effects of premedication. It seems likely that the plasma cortisol falls with premedication and rises to about the normal resting level after induction with thiopentone, halothane or diethyl ether. There is a further progressive rise during major surgery, though a thiopentone induction is followed by a smaller rise than is a gaseous induction. Oyama and associates (1968a, b) also showed that there was a parallel rise in ACTH level and that presumably this was responsible for the cortisol increase.
Apart from increased production, a rise in plasma cortisol could also result from decreased breakdown. A reduction in hepatic blood flow during anaesthesia has been shown by Shackman, Graber and Melrose (1953) and this organ appears to be the main site of conjugation of hydrocortisone (Tyler et al., 1954) . Since a difference in hyperglycaemic response was observed between the surface and abdominal operation sites, the possibility remains of interference with hepatic blood flow during intra-abdominal surgery. However, this reasoning would not explain the difference in results between the series in which observations were made during anaesthesia alone and that in which observations were made during body surface surgery. Furthermore, the half-life of cortisol in the body is approximately 2 hours, so that this factor would be of little importance during the first hour of surgery. It seems more likely, therefore, that the production of cortisol is related to the degree of surgical stress. Plumpton, Besser and Cole (1969) have shown a similar rise in plasma cortisol during major surgery and a smaller rise during minor operations. Cortisol acts as a glucogenic steroid by antagonizing the action of insulin (Vandam and Moore, 1960) and since die extent of the cortisol rise varies with the type of surgery, it is possible that it at least contributes to the rise in blood sugar.
The negative findings in relation to plasma insulin levels show that there has been no inhibition of insulin production during surgery. Ross and his colleagues (1966) found that the plasma insulin levels were raised 24 hours after abdominal surgery and that this in turn led to an increase in the level of plasma growth hormone, another insulin antagonist. It must be concluded that the development of these changes is gradual but this point is under investigation. Allison, Tomlin and Chamberlain (1959) recorded a significant decline in plasma insulin between the pre-induction level and that after surgery had begun. The restdts in the present series showed a slight downward trend, but even with 20 patients the scatter was too great for any significant fall to be evident The plasma free fatty acid level declined significantly in the series of patients anaesthetized without surgery. This was unexpected in view of the absence of significant change in the blood sugar or cortisol. On the other hand, during intraabdominal surgery there was a highly significant rise in free fatty acids after 60 minutes, thus supporting the findings of Allison, Tomlin and Chamberlain (1969) . A raised level of free fatty acids usually accompanies a rise in blood sugar and a glucose-triglyceride-fatty acid cycle has been suggested 
